Areas" is submitted for acceptance as fulfillment of the objectives of that phase of the Study. The proposal for Phase III of this Study has been based on the findings of this Phase I and the construction of two prototype systems incorporating the design and methods studied in this research was found to be warranted.
INTRODUCTION
Since the beginning of wastewater production many methods have been devised to prevent the pollution of our natural water resources, including both surface and underground waters. Among the many treatment methods presently used, the activated sludge system including its various modifications seems to be the most widely used method.
Although wastes from large numbers of people can be handled reasonably, there has been no adequate solution for the treatment of the wastes from single dwellings, camping areas, picnic areas, highway rest areas and other sources with small waste flow volumes.
The most common methods for the treatment of low volume wastes have been septic tanks and percolation fields, seepage pits, prefabricated package plants, oxidation ponds and other aerobic treatmant methods (1) (2) (3) (4) (5) . The Indiana State Highway Department predominately employs the extended aeration method for treatment of the sanitary wastes from interstate highway rest areas. However, these methods are considered to be inadequate due to the widely fluctuating hydraulic and organic loading conditions which cause poor effluent quality and because of the difficulties in providing operation and maintenance during freezing non-use periods. Aside from -2 -these problems there is also the need for large land areas at rest stops, the need for proximity to a stream and water source, and the esthetic unattractiveness of the completed waste treatment system. The purpose of the research was thus to develop a reasonable and effective method to treat the wastewaters from highway rest areas under the unusual and varying loading and operational parameters present.
Basic Considerations
In the activated sludge system removal of organics in a wastewater is accomplished by converting the dissolved and suspended substances into settleable materials which can be removed from the wastewater by sedimentation for further treatment. A main disadvantage of the activated sludge system is that an appurtenant treatment facility is necessary in order to treat the harvested solids.
The traditional method for the treatment of waste activated sludge is by anaerobic digestion, in which the excess activated sludge, usually together with primary sludge, is stabilized anaerobically.
Recently, much effort has been devoted to the stabilization of waste activated sludge by aerobic digestion especially with small scale operations.
When compared to anaerobic digestion, aerobic digestion systems afford several benefits, including: minimal supervision, simpler equipment, lower initial cost, and lower maintenance costs (6) Aerobic digestion of primary sludge or mixtures of primary and activated sludge has been investigated by Moriorty(7), Woodley (8), and
Lawton and Norman (9) . In each case, they concluded that the aerobic digestion of primary and activated sludge was more complete Some characteristics of the influent sewage are given in Table 1 .
The sewage from the building was collected by gravity in a sump in the basement of the building and pumped up to the pilot plant on the second floor of the building by a centrifugal pump.
When the sewage from the building was not enough for the research the street sewer valve in the basement was opened to get sufficient sewage from a street sewer. It was found that the sewage taken -10 -from the street sewer was weaker in organic content. This flow rate was maintained throughout the remainder of the research.
4) Operation
It was decided to operate the pilot plant on the basis of a batch-feed schedule since this method would simulate the conditions present in the rest areas. The pilot plant was fed with raw sewage once every hour during daytime hours only. Sometimes, conditions dictated deviation from this feeding schedule. The operation procedure was as follows: (1) Measure the sewage levels both inside and outside of the filter.
Close the outlet valve (3) Turn on sewage source
Take influent sample (5) Turn off sewage source when the mixed liquor level in the aeration chamber reached to within 2 inches from the top of the tank.
Measure the sewage level of the outside of the filter (7) Open outlet valve (8) Take effluent sample Both influent and effluent were sampled every feeding time so as to obtain flow-graduated composite samples. The mixed liquor was sampled just before the initial feeding of each day's operation.
The temperature of the pilot plant room had been measured and was found to range between 20°C and 30°C.
Since the feeding rate was controlled by the filterability of the filter material the detention time in the aeration chamber was controlled by adjusting the level of the effluent weir box.
The feeding rate was increased by lowering the level of weir box as this caused greater head difference between the inside and outside of the filter and thus shorter liquid retention times.
The following determinations were carried out during the research:
For influent samples pH, SS, VSS, BOD (filtered and unf iltered)
For effluent samples pH, SS, BOD For aeration contents samples SS, VSS
Results and Discussion
The operation of the pilot plant started after the filter bag (aeration chamber) was filled with MLSS which were prepared by mixing sewage with return-sludge (about 40 gallons) obtained from the with an average value of 7.9 as shown in Table 1 and Figure 3 .
After treatment the pH of effluent ranged from 7.1 to 8.3 with an average of 7.8.
As shown in Table 1 Figure 5 . It can be concluded that the flow rate Is almost proportional to head loss through the filter; which is reasonable since the flow velocity through the filter was in the laminar region.
The batch-feed studies were performed numerous times during the research period and representative data is shown in Figure 6 .
The batch-feed studies were carried out by fixing the outlet level at 10 inches from the top of the tank. The aeration chamber, after an overnight rest period (during which no sewage was fed) , was filled with sewage up to 2 inches from top of the tank utilizing the feeding intervals of 1 hour, 1/2 hour, or 1/4 hour for each case and then allowed to drain down for a given feeding interval period.
This procedure was repeated and the volume of sewage fed was summed to calculate flow rate and then plotted in Figure 6 . From this figure it can be concluded that the flow rates of batch-feed study approach those of the continuous-feed study (compare Figure 6 with This volume was thence allowed to drain and the effluent flow rate measured. From the curve it is concluded that the flow rate through the filter can be increased by providing a rest period without feeding with sewage. In any case, however, it was established that a sustained filter rate of 0.004 gal/day/sq. f t. of filter bag area was possible.
It was noticed that the high concentrations of detergents and waxes in the influent deteriorated not only the quality of effluent, but also the filter flow rate. The flow rate decreased drastically when the influent contained high concentrations of detergents and waxes. This effect decreased as the MLSS concentration increased, but was not eliminated completely. Accumulation of solids in the filter hag.
As shown in Figure 3 and Table 1 Figure 3 shows only the general trend, because a significant amount of solids had deposited on the inner surface of the filter between the top of the filter and liquid surface.
During the sludge-build up period the sludge had shown a brown color and given an earthy odor. According to Caron (22) this means that the activated sludge in the filter bag had remained in a healthy condition.
The increase in MLSS concentration would be due to: (1) Increase in the concentration of microorganisms such as bacteria, fungi, and protozoa (2) Accumulation of cell products which are non-biodegrad- Table 1 and the assumptions given below the calculations can be made.
ASSUMPTIONS:
60% of the BOD added was converted to cells (2) The fixed solids in the influent SS are retained in the filter bag (3) The ratio between BOD due to SS and SS themselves is assumed to be 1
The amount of solids deposited on the inner surface of the filter below mixed liquor surface is negligible (5) There is no solids deposit on the bottom of the filter Fixed SS = total SS -VSS -50.7 -39.6 = 11.1 lbs. Total solids increase in the aeration chamber = 36.0 lbs.
microorganisms from BOD + 11.1 lbs. of fixed SS = 13.8 lbs.
of VSS not oxidized = 60.9 lbs. of MLSS.
The initial MLSS = 3960 mg/1 x 8.34 x 123 x 10~6 gallons aeration chamber volume =4.1 lbs.
Expected total MLSS = 60.9 + 4.1 = 65.0 lbs.
Actually, the MLSS concentration on the final day (Mav 31, 1972) was 26,000 mg/1 and the aeration chamber volume was 123 gallons.
Actual MLSS = 26,000 x 8.34 x 123 x 10" 6 = 26.7 lbs.
There was a solids deposit on the inner surface of the filter between the top of the filter and the mixed liquor surface. The moisture content by weight and the thickness of the solids layer were measured to be about 85% and 1/2 inches, respectively. The surface area covered with solids deposit was calculated to be 2 22 ft.
Solids deposited = 22 ft. (23) and Stewart, et.al., (17) reported that the endogenous loss in a total oxidation system was about 2% per day of the total sludge. Thus, the above calculated b value, 0.0235 which represents 2.35%/day, seems reasonable. It was reported that the rate of endogenous respriation was primarily a function of sludge age (24) and that the biological activity approached a minimum after total sludge age - (1969) 
